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The most common toxicity associated with sulfonylureas and insulin is hypoglycaemia. The article reviews existing evidence to better guide
hypoglycaemia management. Sulfonylureas and insulin have narrow therapeutic indices. Small doses can cause hypoglycaemia, which may be
delayed and persistent. All children and adults with intentional overdoses need to be referred for medical assessment and treatment.
Unintentional supratherapeutic ingestions can be initially managed at home but if symptomatic or if there is persistent hypoglycaemia require
medical referral. Patients often require intensive care and prolonged observation periods. Blood glucose concentrations should be assessed
frequently. Asymptomatic children with unintentional sulfonylurea ingestions should be observed for 12 h, except if this would lead to
discharge at night when they should be kept until the morning. Prophylactic intravenous dextrose is not recommended. The goal of therapy is
to restore and maintain euglycaemia for the duration of the drug’s toxic effect. Enteral feeding is recommended in patients who are alert and
able to tolerate oral intake. Once insulin or sulfonylurea-induced hypoglycaemia has developed, it should be initially treated with an intra-
venous dextrose bolus. Following this the mainstay of therapy for insulin-induced hypoglycaemia is intravenous dextrose infusion to maintain
the blood glucose concentration between 5.5 and 11 mmol l–1. After sulfonylurea-induced hypoglycaemia is initially corrected with intravenous
dextrose, the main treatment is octreotide which is administered to prevent insulin secretion and maintain euglycaemia. The observation
period varies depending on drug, product formulation and dose. A general guideline is to observe for 12 h after discontinuation of intravenous
dextrose and, if applicable, octreotide.
Introduction

The most common adverse event associated with sulfo-
nylureas and insulin is hypoglycaemia. Insulin and sulfo-
nylureas have narrow therapeutic indices. In diabetics,
the overall prevalence of hypoglycaemia is higher with
patients treated with insulin (7.3%) than with those
treated with oral sulfonylureas (0.8%) [1]. In adults aged
65 years and older, insulin and oral hypoglycaemics are
amongst the four most commonly implicated medica-
tions leading to emergency hospitalizations, accounting
for 13.9% and 10.7% of hospitalizations, respectively
[2]. It is therefore not surprising that intentional over-
dose and unintentional ingestions (e.g. paediatric, thera-
peutic errors) can cause severe and life-threatening
toxicity, which may be delayed and persistent. This
paper reviews existing evidence regarding sulfonylurea
and insulin toxicity to better guide management of
insulin and sulfonylurea overdose.
Epidemiology

In 2013 there were 3950 sulfonylurea and 6967 insulin expo-
sures reported to the USNational Poison Data System (NPDS),
of which 1590 (40.2%) and 6005 (86.2%), respectively, were
single substance exposures [3]. Adults accounted for 45.2%
of sulfonylurea and 85.3% of insulin exposures. There were
no sulfonylurea deaths and four insulin deaths.

Most sulfonylurea and insulin cases reported to poison
centres are unintentional (84.3% and 89.3%, respectively)
due to exploratory sulfonylurea ingestions in children and
therapeutic errors in adults [3]. Approximately 10% of cases
reported to poison centres are intentional (i.e. suicidal, abuse
or unknown) [3]. Risk factors for self-harm include a history of
diabetes, comorbid psychiatric disorders or, for insulin,
employment in a health field where it is accessible [4, 5]. Other
less common reasons include criminal intent/malicious or
self-administration for secondary gain resulting in factitious
hypoglycaemia [6, 7].
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Clinical effects of hypoglycaemia

Hypoglycaemia can be severe and prolonged, resulting
in neurologic sequelae and death. Signs and symp-
toms of neuroglycopenia include dizziness, weakness,
headache, confusion, drowsiness, coma and seizures [8].
Autonomic symptoms include trembling, palpita-
tions, diaphoresis and nausea. Hypoglycaemia-related
dysrhythmias and acute coronary syndrome have been
documented and are associated with electrolyte
abnormalities, increased release of catecholamines
and co-morbid conditions [4, 8, 9]. Electrolyte abnorma-
lities include hypokalaemia and hypomagnesaemia. Insulin
overdoses may also present with one or more visible
injection sites.

Diabetics may present with symptoms at normal
blood glucose if patients tend towards a high baseline,
yet longstanding diabetics may have fewer symptoms
due to weakened counter-regulatory response [10, 11].
Diabetics with insulin insensitivity may have less glucose
utilization for a given dose compared with non-diabetics.
In a case series of patients with intentional insulin
overdoses, non-diabetics were over three times more
likely (P = 0.032) than diabetics to present with serum
glucose <2.8 mmol l–1 (50 mg dl–1) and approximately
four times more likely (P = 0.035) to develop recurrent
hypoglycaemia during treatment [5].
Figure 1
Schematic representation of the pathways involved in the stimulation of insuli
glucose into beta cells, its metabolism to ATP (increased ATP : ADP ratio) which c
ing voltage operated Ca2+ channels, influx of calcium and increased intracellul
stimulate closure of the KATP channels, diazoxide the opposite. Octreotide decre
GDH glutamate dehydrogenase; ATP adenosine triphosphate; KATP channels con
potassium channel 6.2)
Pharmacology and toxicology

Sulfonylureas (supplementary Tables 1A and 2A)
Sulfonylureas are insulin secretagogues that modulate
the intracellular potential of pancreatic beta islet cells
to stimulate calcium mediated insulin release (Figure 1).
Sulfonylureas are well absorbed orally, highly plasma
protein bound and many have active metabolites [12].
With therapeutic doses, onset of action is usually within
30 min with peak insulinotropic response within 2–3 h.
Durations of action are often longer than half-lives.

Sulfonylureas have a narrow therapeutic index and
small doses in children and adults can cause
hypoglycaemia. Hypoglycaemia has been reported in
young children with ingestion of one tablet, including
250 mg chlorpropamide, 5 mg glipizide and 2.5 mg
glyburide [13]. In adults, hypoglycaemia can occur with
therapeutic use or prescribing errors, so it is not surpri-
sing that severe hypoglycaemia occurs with intentional
overdoses in both non-diabetic and diabetic patients.
Hypoglycaemia may be recurrent and persist for up to
8 days [14–18]. Serious medical outcomes are also more
common in deliberate self-poisoning or malicious cases
which are attributed to the higher doses [18].

Observation periods for both paediatric and adult
poisoning are problematic. The onset of hypoglycaemia
in children is usually within 8 h for most patients, but
n secretion. Triggering of insulin secretion occurs from the diffusion of
auses the closure of the KATP channels, membrane depolarization open-
ar Ca2+ causing exocytosis of vesicles containing insulin. Sulfonylureas
ases cytoplasmic Ca2+. Key: + stimulation; – inhibition; GCK glucokinase;
sist of the SUR1 (sulfonylurea receptor 1) and Kir6.2 (inwardly rectifying
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delayed onset (11–45 h) and recurrence up to 30–70 h
have been reported [13, 19–23]. The onset of hypoglycaemia
in adult overdoses is usually rapid [15–18]. These findings
support medical management in a health care facility for
all paediatric sulfonylurea ingestions and adult deliberate
self-poisonings. It would be reasonable to observe asymp-
tomatic patients for 12 h and only send them home in
daylight, remembering that delayed onset has been re-
ported and patients and parents should be warned of this.

Insulin (supplementary Tables 1B and 2B)
Insulin lowers blood glucose by acting on receptors
throughout the body to stimulate glucose uptake and
inhibit hepatic glucose production (Figure 1). Insulin is
available in ultra-rapid, rapid, intermediate, long acting
and combination formulations. Absorption from subcu-
taneous tissue is an important determinant of onset
and duration of action. It may be altered considerably
by injection site characteristics [24]. Large single injec-
tions can lead to prolonged absorption because of the
depot. In contrast, multiple smaller injections will have
more rapid absorption. The onset of hypoglycaemia can
be as soon as 1–2 h or be delayed over 18 h after insulin
glargine overdose [25, 26]. Duration of action may be
prolonged a few days to a week after an overdose and
larger doses have been associated with longer duration,
but not the type of insulin [4, 10, 27–30]. This may be
due to changed absorption profiles of even short-acting
insulin due to large injection depots. Insulin’s oral bio-
availability is less than 1%, so rarely massive ingestions
may lead to hypoglycaemia [31].

Severe and prolonged hypoglycaemia occurs in adult
deliberate self-poisoning and malicious overdoses, with
reported blood glucose nadirs below 1.7 mmol l–1

(30 mg dl–1). There is a poor relationship between insulin
dose and severity or outcomes [4, 5, 10, 27, 32, 33], with
deaths occurring after 400 units and no effects after
3300 units [25, 34]. Other factors associated with poor
outcomes include co-ingestants and patient comorbidi-
ties [4, 35].
Risk assessment and observation
recommendations

All children and non-diabetics who unintentionally
ingest a sulfonylurea, all intentional ingestions of sulfo-
nylureas and all intentional injections of insulin should
be managed in a health care facility (Figure 2). Several
poison centre studies have concluded that adults with
therapeutic errors can be safely monitored and treated
with carbohydrate supplementation at home [32, 33, 36].
Those who become clinically symptomatic, experience
persistent hypoglycaemia or lack the ability to monitor
blood glucose need emergency referral to a health
care facility.
498 / 81:3 / Br J Clin Pharmacol
A range of observation periods from 8 to 24 h have
been recommended for unintentional sulfonylurea
ingestions in children [13, 19–22, 37–39] due to the
complexities associated with developing hypoglycaemia,
including whether the child is fasted, given food or intra-
venous prophylactic glucose. Lung et al. showed that the
onset may be >8 h in children freely given food or intra-
venous dextrose, but this was within 15 h (excluding one
discharged patient returning at 18 h) [19]. Delayed onset
of hypoglycaemia almost always occurred when the child
was sleeping. Therefore a safe recommendation is to
monitor all children for 12 h, except if this would lead
to discharge during the night when they should be kept
until the following morning. Children should be allowed
food as fasting for >3 h is impractical. Intravenous
glucose is not required, because it provides only a small
amount of glucose (e.g. 10 g h–1 for 10% dextrose at
100 ml h–1) [39]. Observation periods for adult inten-
tional ingestions of sulfonylureas are less problematic
because hypoglycaemia should develop within 6–12 h,
irrespective of the administration of dextrose, either oral
or intravenous. Similarly the onset of hypoglycaemia
following deliberate administration of insulin in adults
is usually rapid (within hours), but longer onsets have
been reported [4, 25, 26]. The observation period for
asymptomatic patients with an intentionally adminis-
tered large quantity of insulin, especially long acting, is
at least 18 h [25].

For sulfonylureas and insulin, persistent hypoglycaemia
may last for days and patients should be observed
for sufficient time after discontinuing supplemental
dextrose. This time period will vary depending on the
pharmacodynamic/pharmacokinetic profile of the sul-
fonylurea or insulin formulation involved and the dose.

Non-diabetics and diabetics with pancreatic function
treated with intravenous dextrose should be monitored
for recurrence of hypoglycaemia after dextrose is ceased.
A general guideline is an observation period of 12 h after
intravenous dextrose and, if applicable, octreotide are
discontinued. Delayed recurrence of hypoglycaemia has
been reported and those with overdoses of long acting
insulin may require longer observation times. Close ob-
servation is particularly relevant when excessive dextrose
has caused transient hyperglycaemia (>10 mmol l–1), as
this stimulates endogenous insulin release with resultant
much higher risk of rebound hypoglycaemia.
Laboratory monitoring

Hypoglycaemia is usually defined as a blood glucose
concentration less than 3.3 mmol l–1 (60 mg dl–1). In
the context of sulfonylurea or insulin exposure, higher
blood glucose concentrations with autonomic or
neuroglycopenic symptoms are also considered
hypoglycaemia. It is generally recommended that blood



Figure 2
Algorithm for management of sulfonylurea and insulin exposures
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glucose be monitored hourly initially and then at lon-
ger intervals (2–6 h) in a hospital setting. A different
approach has been suggested for asymptomatic
children with sulfonylurea ingestions to avoid fre-
quent painful blood glucose testing [40]. In awake
and alert asymptomatic children, initial 3–6 h post-
ingestion blood glucose should be obtained and then
every 2–3 h while asleep. Children with symptoms
should have immediate blood glucose and those
with borderline blood glucose should have it
repeated in 1 h.

Although sulfonylureas may be detected in blood or
urine, this test is usually not available. Laboratory evalua-
tion of C peptide level and its ratio to serum insulin can
be useful if the presence of exogenous insulin is in
question. Endogenous insulin originates as a conjugate
with C peptide. The C peptide : insulin ratio is greater
than 1 and they are both elevated. With exogenous insu-
lin, the ratio of C peptide : insulin is less than 1. The triad
of simultaneous hypoglycaemia, high insulin levels and
suppressed C peptide is generally recognized as
pathognomonic for exogenous insulin administration
[41]. Electrolytes including potassium, magnesium and
phosphate should be monitored.
Treatment

Supplementary Tables 2A and 2B describe findings
from studies that address toxicity and treatment of
sulfonylurea and insulin-induced hypoglycaemia. The
tables focus on the following interventions: enteral
supplementation, intravenous dextrose and octreotide.
Table 1 summarizes recommended treatments.
GI decontamination

Activated charcoal should be given within 2 h of inges-
tion of immediate release sulfonylureas and can be con-
sidered beyond this for extended release products [42].
Br J Clin Pharmacol / 81:3 / 499



Table 1
Recommended treatments for hypoglycaemia from sulfonylurea and insulin

Treatment
Hypoglycaemia*
related indication Route Adult dose Paediatric dose Adverse effects

Dextrose (25–50%)
(D25W or D50W)

Initial control i.v. 50–100 ml of 50%

(25–50 g)

2–4 ml kg
–1

of 25%

(0.5–1 g kg
–1
)

Hyperglycaemia, phlebitis and cellulitis if

injection site extravasation, serum

hyperosmolality

Dextrose (5–20%) Persistent hypoglycaemia i.v. infusion Titrate prn Titrate prn Hyperglycaemia

Octreotide Recurrent hypoglycaemia

(sulfonylureas)

s.c. (preferred), i.v. 50–100 μg every

6–12 h prn

1–2 μg kg
–1

every 6–12 h prn Hyperglycaemia, nausea, abdominal pain,

diarrhoea, bradycardia

Glucagon i.v. access not available i.m., i.v., s.c. 1 mg, may repeat 0.5–1 mg or 0.02–0.03 mg kg
–1
,

may repeat

Hyperglycaemia, hypokalaemia

*Blood glucose concentration < 3.3 mmol l
–1

(60 mg dl
–1
) or autonomic or glycopenic symptoms (see text). i.v. = intravenous; s.c. = subcutaneous; i.m. = intramuscular; prn = as needed

W. Klein-Schwartz et al.
Enteral supplementation

Free access to food is recommended in patients who are
alert and able to tolerate oral intake. In patients who are
initially hypoglycaemic with altered mental status, intra-
venous dextrose should be administered for initial
control. Once hypoglycaemia is corrected, the patient
should be fed complex carbohydrates.
Dextrose

Although intravenous dextrose would seem the obvious
therapy for hypoglycaemia, excessive dextrose will cause
hyperglycaemia and a marked increase in endogenous
insulin secretion in patients with an intact pancreas, in-
cluding both non-diabetics and type II (insulin-resistant)
diabetics [43]. This is more problematic with sulfonylurea
toxicity where small increases in blood glucose may
greatly stimulate insulin release even within the
normoglycaemic range. The other major problem with
intravenous dextrose is that it only provides a small
amount of glucose unless 50% dextrose is used, for
example 100 ml h–1 of 10% dextrose only provides
10 g h–1.

Despite these caveats, in both insulin and sulfonylurea
overdoses, the initial management of hypoglycaemia is a
0.5 to 1 g kg–1 bolus of intravenous dextrose, D50W (50%
dextrose) in adults and D25W (25% dextrose) or D10W
(10% dextrose) in children [8, 44]. Following this in insulin
overdoses patients should receive a 10 to 50% dextrose infu-
sion with the concentration and rate titrated to maintain
euglycaemia (5.5 to 11 mmol l–1) [5]. Exact dextrose require-
ments are difficult to predict. Significant correlations have
been found between insulin dose and duration of dextrose
infusion [4, 5, 10, 27, 45], but not total intravenous dextrose
amount required [4, 5, 27]. In 25 patients with overdoses of
rapid to long-acting insulin, dextrose doses varied widely
(184 to 1056 g). The average maximum infusion rate was
29.5 g h–1 (17.5–41.1) [27]. In insulin overdoses, overall
dextrose requirements may be similar in non-diabetics and
500 / 81:3 / Br J Clin Pharmacol
diabetics [5]. Some studies report success using plasma insu-
lin levels to guide dextrose infusion adjustments [46–48].

In insulin dependent diabetic patients, as toxicity
from the overdose diminishes there is usually a sharp rise
in the blood glucose concentrations and consideration
should be given as to the appropriate time to reinstitute
anti-hyperglycaemic drug therapy. In non-diabetics it
can be far more difficult to determine when there is no
further exogenous insulin present, because the adminis-
tration of intravenous dextrose will cause endogenous
insulin production, preventing a rise in the blood
sugar concentration [27]. Measurement of C-peptide
concentrations may assist in determining this because
they will rise as the exogenous insulin is cleared [41].
Although not reported, theoretically the administration
of octreotide could also diagnose that endogenous insu-
lin is responsible for ongoing hypoglycaemia. This would
lead to a rapid rise in blood glucose concentrations in the
absence of exogenous insulin.

Following an initial bolus of intravenous dextrose in a
sulfonylurea overdose, excessive intravenous dextrose
will stimulate endogenous insulin production (most
patients will have intact pancreatic function). This
contributes to subsequent hypoglycaemia, and potentially
further boluses of dextrose, leading to a vicious cycle of
repeated dextrose boluses and rebound hypoglycaemic
episodes. For this reason octreotide, rather than
intravenous dextrose, should be the main treatment
in sulfonylurea overdoses.

Potential adverse effects of intravenous dextrose in-
clude hyperglycaemia, phlebitis (worse with higher con-
centrations of dextrose) and cerebral toxicity associated
with hyperosmolar syndrome, especially in children [49].

The use of prophylactic intravenous dextrose
(i.e. prior to the first development of hypoglycaemia)
is problematic. Delayed hypoglycaemia is well reported
after prophylactic intravenous dextrose for sulfonylureas
[13, 22, 37, 50]. Although the extent to which prophy-
lactic intravenous dextrose contributes to delayed
hypoglycaemia is unclear, it is not recommended. When
intravenous dextrose is discontinued, hypoglycaemia
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may occur in patients still unable to maintain normal
blood glucose [39].

While insulin or sulfonylurea dose, formulation and
plasma insulin level, if available, can help frame the man-
agement plan for dextrose administration (e.g. magni-
tude of dextrose requirement and anticipated duration
of therapy), they do not replace frequent blood glucose
monitoring as the basis for treatment decisions.
Octreotide

Octreotide is a long-acting synthetic somatostatin ana-
logue that binds to somatostatin-2 receptors on the pan-
creatic beta cells, preventing the influx of calcium
required for insulin secretion and therefore blocks insulin
secretion. It has been used in the treatment of
hypoglycaemia resulting from sulfonylurea toxicity for
over 20 years [15], and safely for numerous other condi-
tions prior to this. It is safe and only causes minor adverse
effects, including injection site pain, hyperglycaemia,
nausea, abdominal pain, flatulence, diarrhoea and
bradycardia.

In most reported cases, octreotide has been used
after recurrent hypoglycaemia following intravenous
dextrose [15, 16, 51]. Dextrose stimulates insulin release
causing hypoglycaemia. This cycle is perpetuated with
re-administration of intravenous dextrose. Although
many recommend octreotide in patients with sulfonyl-
urea overdoses who experience rebound hypoglycaemia,
it makes more sense for it to be commenced after the first
episode of hypoglycaemia. There are no controlled trials,
so dose and dosing interval are based on limited pub-
lished data. The dose can be given intravenously (50 μg
bolus followed by an infusion of 25 μg h–1, 1 μg kg–1 h–1

in children) or subcutaneously (50–100 μg in adults and
1–2 μg kg–1 in children every 6–12 h [16, 40, 52, 53]
Octreotide should be initially given for 12 h.

In 13 published cases of octreotide use for sulfonyl-
urea toxicity, the average number of pre- and post-
octreotide hypoglycaemic episodes, respectively, was
3.3 and 0.4 [51]. Patients with acute overdoses treated
earlier received three to four doses of octreotide com-
pared with one to two doses in patients presenting after
8 h. This may reflect lower risk of hypoglycaemia with
time due to drug metabolism. Hypoglycaemic episodes
post-octreotide occurred more frequently in patients
with chronic toxicity from therapeutic use (42.4%) than
acute overdoses (30%). An animal study found that
octreotide doses of 50–100 μg decreased the number
of hypoglycaemic episodes by a quarter [54]. An observa-
tional study in children [23] and two case series in adults
[15, 16] reported fewer hypoglycaemic episodes with
octreotide. The reports in adults also noted lower
dextrose requirements (Supplementary Table 2A).
In a placebo controlled trial of adults with
hypoglycaemia who were on a sulfonylurea alone or in
combination with another anti-hyperglycaemic drug or
insulin, 18 received standard treatment [one ampoule
D50W (50% dextrose) intravenously and oral carbohy-
drates] and placebo (1 ml normal saline subcutaneously)
while 22 received standard treatment plus 75 μg of
octreotide subcutaneously [55]. The mean blood glucose
concentrations were significantly higher in the
octreotide patients from 4 to 8 h after octreotide but
not in subsequent hours. Limitations include the fact that
patients on insulin were included and oral caloric intake
varied. This trial did not include deliberate large over-
doses, so findings may not be generalizable. A three
arm crossover study was performed in eight normal sub-
jects [56]. All subjects received 1.43 mg kg–1 glipizide and
50% dextrose followed by either dextrose infusion or
octreotide (30 ng kg–1 min–1) or diazoxide (300 mg intra-
venously every 4 h with dextrose). All drugs were
stopped at 13 h. Dextrose requirements for the dextrose
only and diazoxide groups were similar and significantly
higher than dextrose requirements for the octreotide
arm. Plasma insulin concentrations were approximately
five times lower with octreotide. After treatment was
stopped hypoglycaemia recurred in all subjects with
intravenous dextrose and diazoxide but in only two
subjects in the octreotide arm.
Glucagon

Glucagon increases blood glucose by promoting glyco-
genolysis and gluconeogenesis. It can be given intramus-
cularly so it has a role when intravenous dextrose is not
an option such as in the pre-hospital setting or when in-
travenous access is unavailable. Onset is within 5–20 min
and duration of action is under 1 h. Adverse effects in-
clude nausea and vomiting [6]. Glucagon should not be
routinely administered as it induces insulin release and
is not useful in patients with glycogen depletion.
Management of sequelae

In addition to supplemental dextrose, appropriate
management of electrolyte disturbances is important.
In some cases oral or intravenous potassium repletion
may be necessary. However, because hypokalaemia is
due to intracellular potassium shift, over-aggressive
repletion of potassium should be avoided.

Patients who present with severe depressed mental
status and do not initially respond to intravenous dex-
trose boluses may require intubation and ventilation.
Adult respiratory distress syndrome and pulmonary
oedema may also contribute to respiratory distress.
Supplemental dextrose is the initial treatment of
Br J Clin Pharmacol / 81:3 / 501
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hypoglycaemia-induced seizures, with benzodiazepines
used as adjunct therapy.
Conclusions

When managing patients with sulfonylurea and insulin
toxicity, monitoring and triage decisions must consider
the possibility of delayed and persistent hypoglycaemia.
Although the level of evidence is low, the data support
the following recommendations:

(1) Prophylactic intravenous dextrose is not recom-
mended. Alert patients should be fed.

(2) Blood glucose concentration should be assessed
frequently.

(3) Initial treatment of hypoglycaemia is an intravenous
dextrose bolus. In insulin overdoses treatment should
be continued with food and/or intravenous dextrose
to maintain euglycaemia.

(4) In sulfonylurea exposure (children) or overdose
(adults) octreotide should be administered after the
initial correction of hypoglycaemia with intravenous
dextrose.

(5) Patients treated with intravenous dextrose and/or
octreotide should not be discharged until sufficient
time has elapsed post-discontinuation of therapy to
exclude recurrent hypoglycaemia. This time period
varies but a general guideline is an observation
period of 12 h after intravenous dextrose and, if appli-
cable, octreotide are discontinued. Patients should
never be discharged late at night.
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